Experimental details
1.1 Chemicals and materials used in the biopanning process Table S1 . Comparison of the present AuNPs colorimetric sensor with reported AuNPs sensors for colorimetric sensing of Hg 2+ . Table S2 . The phage titer results at each stage of the biopanning process. Table S3 . XPS data for AuNPs before and after the addition of Hg 2+ . between the AuNPs-phage networks and other AuNPs. Table S6 . Recovery results of the determination of spiked mercury in snow and river water samples.
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Figure S1. Binding affinity of the selected Hg 2+ -binding phages for Hg 2+ . In order to increase the biopanning strength and to get phages with higher affinity to Hg 2+ , the Hg 2+ loaded on the microbeads were reduced by eluting with PB buffer solution (pH 3) in the third round of the positive screening. Figure S1 ). In order to screen phages with high binding specificity for Hg 2+ , phage P1, P2, P5, P6, P7, P8, P9, P10, P13, P15, P18 were further conducted with phage ELISA assay against foreign metal ions including Cu 2+ and Cd 2+ . As can be seen in Figure S2 , phage P1, P2, P8 and P9 possess exclusive affinity for Hg 2+ , thus were picked and further used for the in situ growth of AuNPs and the ensuing mercury sensing.
DNA extraction and sequencing
The phages' ss DNA were extracted using M13 phage DNA extraction kit and sequenced by Shanghai Sangon Biotech Co. (Shanghai, China). The corresponding amino sequences of the selected phages were then derived. The sequence of phages with high specificity for Hg 2+ (P1, P2, P8 and P9) and phage P6 as the representative of the phages with low specificity were identified and compared in Table S3 . T-Hg 2+ -T Poly-T 33 ssDNA None None 250 [2] Carboxylic group-Hg 2+ coordination MPA&AMP None None 500 [3] Hg 2+ -bis-thymine complex ssDNA PDCA Underground water 10 [4] T-Hg 2+ -T Anti-Hg 2+ aptamer None Tap/lake water 0.6 [5] Carboxylic group-Hg 2+ coordination L-cycteine None None 100 [6] Sulfur-Hg 2+ -Sulfur Dithioerythritol EDTA None 100 [7] Hg-Au alloy Tween 20 EDTA Sea/drinking water 100 [8] S-Hg 2+ -S Quaternary ammonium group-terminated thiols None Drinking water 30 [9] NTA-Hg 2+ coordination 3-nitro-1H-1,2,4-triazole None Lake water 7 [10] Riboflavin-Hg 2+ Riboflavin None Synthetic samples 14 [11] S-Hg 2+ -S Thiol-containing ligand of diethyldithiocarbamate None Drinking water 2.9 [12] T-Hg 2+ -T 5'-T 10 -3' None River water 17.5 [13] T-Hg 2+ -T ssDNA None River/pond water 50 [14] Bipy-induced aggregation None None River/tap water 38 [15] S-Hg 2+ -S Thiocyanuric acid None Lake/tap water 0.5 [16] T-Hg 2+ -T ssDNA None None 0.025 [17] PSS/(T-80)-AuNPs PSS/T-80 None None 48.95/255.36 [18] DNA-AuNPs DNA None None 15 [19] M13-Hg 2+ and Hg-Au alloy None None River/snow water 80 This work C o n t r o l P 1 P 2 P 3 P 4 P 5 P 6 P 7 P 8 P 9 P 1 0 P 1 1 P 1 2 P 1 3 P 1 4 P 1 5 P 1 6 P 1 7 P 1 8 P As can be seen in Figure S5 , the absorbance at  max for the AuNPs-phage networks was almost unchanged when the phage concentration is higher than 1.7×10 10 pfu mL -1 , indicating that a final phage concentration of 1.7×10 10 pfu mL -1 is already enough to reduce 243 μmol L -1 of chloroauric acid, i.e., the phage is excessive with respect to HAuCl 4 in the present system. For XPS measurements, samples were centrifuged and freeze dried. All the core level binding energies (BE) were corrected according to the C1s BE at 284.8 eV.
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AuNPs:
The Au 4f peak in the control sample could be decomposed into two chemically distinct peaks at 87 and 83.3 eV, which correspond to Au(0) [24] ( Figure   S6A ). The absence of a peak at 84.9 eV corresponding to Au (III) confirmed the gold atoms are present as Au (0).
AuNPs +30 μmol L -1 Hg 2+ : The position of the high intensity Hg 4f peaks were found to be at 99.05 and 103.15 eV that corresponds to the Hg (0) oxidation state, which confirmed that elemental mercury was formed by reduction. The absence of two peaks at 69.3 eV for 5p1 and 74.35 eV for 5p3 suggested the absence of Hg(II) [25] .
And the absence of a peak at 101.4 eV indicated the absence of Hg(I). The spectra of Au 4f can be deconvoluted into two components that correspond to the binding Figure S6D ), which matches the reported value for elemental mercury (Hg(0)) [26] .
The XPS survey spectra of Hg 5p region ( Figure S6C UV-vis absorption spectra were recorded after 40 min. As can be seen in Figure S9 , the SPR band of AuNPs showed a redshift and the response was far less than that achieved by the AuNPs-phage networks. Relative A 525 /A 650 means the absorbance ratio of experimental to control group.
As shown in Figure S10 , the AuNPs-phage networks prepared with phage P8
give rise to the highest response. However, further comparison between phage P8 and phage P9 revealed that sensing system based on phage P9 provide a better LOD and precision, thus phage P9 was chosen for further studies. 
